Fluorescent detection of proteins is a popular method of detection allying sensitivity, linearity and compatibility with mass spectrometry. Among the numerous methods described in the literature, staining with ruthenium II tris(bathophenanthroline disulfonate) is particularly cost-effective, but slightly cumbersome owing to difficulties in the preparation of the complex and complexity of staining protocols. We describe here modifications on both aspects that allow to perform a higher contrast staining and offer a more robust method of complex preparation, thereby maximizing the advantages of the method.
Numerous constraints apply to detection methods used in gel-based proteomics. They should be linear over a wide range, homogeneous from protein to protein, and of course sensitive. In addition to these core features, they should also be mass spectrometry-compatible, user-friendly and cost-effective. Among the variety of methods used for protein detection after gel electrophoresis [1] , fluorescent methods offer an interesting compromise, especially for detection linearity [2] and for compatibility with mass spectrometry [3] . Among the wide variety of fluorescent detection methods that have been developed to detect proteins after gel electrophoresis, two have emerged as standards in the field, one using epicocconone [4] (marketed under the trade name deep purple) and one using an undisclosed fluorescent ruthenium complex and marketed under the trade name Sypro Ruby [5, 6] . Almost simultaneously with the description of Sypro Ruby staining, another stain using a published ruthenium complex (ruthenium II tris(bathophenanthroline disulfonate) was described [7] , with minimal interference with mass spectrometry and much improved cost efficiency compared to commercial formulations. However, the sensitivity of this stain was moderate, and a major improvement was published a few years later [8] . This improvement resulted, however, in a much longer staining period, extending to almost two days after the end of electrophoresis, thereby decreasing the overall productivity of the proteomics setup. This is why intermediate formulations were developed, claiming for equal sensitivity and much improved speed and simplicity of staining [9] .
Furthermore, all the protocols using ruthenium II tris(bathophenanthroline disulfonate) are plagued by difficulties in the preparation of the complex. Indeed this preparation involves both complex formation and reduction from ruthenium III to ruthenium II, as most water-soluble ruthenium salts are ruthenium III salts. In the published protocols, this reduction was achieved either with hypophosphoric acid and sodium hydroxide, or by ascorbic acid and sodium hydroxide. As both redox couples are pH-sensitive, the control of the extent of reduction is difficult to manage in the standard proteomics or biochemistry laboratory, so that preparation of the complex occasionally fails. We therefore decided to revisit both aspects of staining with ruthenium II tris(bathophenanthroline disulfonate), namely complex preparation on the one hand, and staining protocol on the other hand, aiming at more simplicity, robustness and performance.
Ammonium formate is a weak but interesting reducing agent [10] . Its solutions are naturally close to neutral pH, thereby needing no pH adjustment, but it is effective only at relatively high temperatures and the overall reducing power is weak. In order to prepare an efficient ruthenium complex, we prepared a solution containing 20 mM potassium pentachloroaquo ruthenate (Alfa Aesar), 60 mM bathophenanthroline disulfonate, disodium salt (Aldrich) and 400 mM ammonium formate (available as a 10 M titrated stock solution from Fluka). Reduction of ruthenium III to ruthenium II and simultaneous complex formation was achieved either by refluxing the solution for three days, or incubating it at 95°C in an oven for three days. In the latter case, because of gas evolution during reduction, it was not possible to tightly close the vessel containing the solution. Thus, a beaker containing water was placed next to the ruthenium solution in the oven set at 95°C, in order to saturate the oven with vapor and limit evaporation in the ruthenium solution. However, some evaporation was frequently encountered, and compensated for at the end of the preparation by water addition to restore the initial volume. Although much longer to perform, we found this method to be much more reliable than those using ascorbate, hypophosphite or borohydride as reducing agents. In addition, the complex solution was found to be stable for over two years in the refrigerator, with no decrease in staining efficiency. This method using ammonium formate also allowed to replace potassium pentachloroaquo ruthenate by simple ruthenium III chloride at equal molar concentrations, and the resulting, even brighter complex was called alternate complex (see figures 1 and 2) .
As to the staining protocol itself, we first compared the three published protocols. The initial protocol [7] ( Figure 1A ) was clearly less sensitive than the two improved ones [8, 9] (Figure 1B and 1C) , but the background was still unsatisfactory with the published protocols, as can be seen in Figure 1 . We therefore decided to combine the staining in acidic solution with the destaining step to reduce background. A significant improvement was noted with classical, acetic acid-based solutions ( Figure  1 D) , but a further improvement in contrast was obtained when the acetic acidethanol solutions described in [8] and [9] were replaced by a phosphoric acid-ethanol solution, both for staining and destaining (Figure 1 E) , resulting in the simple protocol described here. This protocols describes as follows:
Step 1: after electrophoresis, fix the gel for 1 hour in 1% phosphoric acid (v/v, starting from commercial 85% phosphoric acid) and 30% ethanol
Step 2: stain overnight with 1µM ruthenium complex in 1% phosphoric acid-30% ethanol
Step 3: destain for 4-6 hours in 1% phosphoric acid-30% ethanol. Shorter destaining (1-2 hours) did not afford sufficient background reduction, while longer destaining (e.g. overnight) reduced the sensitivity. The times indicated here are therefore a good compromise
Step 4: rinse in water (one rinse, 5-15 minutes) prior to imaging. This step is just intended to avoid contaminating the UV table with phosphoric acid and ethanol from the liquid film coming along with the gels Further tests showed that the performances were maintained by using the complex prepared from RuCl3 in place of the complex prepared from K2RuCl5 ( Figure 1F) , and that the performances were marginally inferior to those obtained with Sypro Ruby (Figure 1G ). However, fluorescent staining with such methods was clearly not as sensitive as a silver staining ( Figure 1H) We then evaluated the different staining methods in the context of two-dimensional gels, where the homogeneity of the stain and interference from carrier ampholytes can be evaluated, and the results are described in Figure 2 and in Supplementary  Figure 1 with raw images (i.e. without color inversion and gray level conversion) . Here again, it can be seen that the improved protocol (Figure 2 panels A-D) is faster and/or more sensitive (because of better contrast) than those published previously [8, 9] (Figure 2 panels E-I) . We also found during this step of the study that 1% phosphoric acid offers the best signal to noise ratio (Figure 2 panels B and D) . Higher concentrations of acid increased the background and thus decreased sensitivity ( Figure 2 panels A and C) . We also tried to reduce further the phosphoric acid concentration below 1%, but the stain became more erratic and less reproducible. It is also noteworthy that gels stained by the method of Pluder et al. showed a very high background ( Figure 2G ), in contrast to what is described in the original publication [9] . However, it shall be mentioned that the original publication uses a laser excitation at 532 nm, i.e. quite far from the excitation maxima of the ruthenium complex (280 and 470 nm), whereas excitation was performed at 312 nm in the present study.
Finally, we evaluated the new staining method in a real proteomic-type experiment based on two-dimensional gels, and the results are shown on Figure 3 and in Supplementary Figure 2 with raw images (i.e. without color inversion and gray level conversion). The detection protocol as a whole, i.e. staining and imaging, was found to be very reproducible, due to its low number of steps and to flexibility in each step duration. As a result, the median rsd (relative standard deviation) in a set of four parallel gels was found to be 15-16%, to be compared to the 20-25% previously described for several detection methods including colloidal Coomassie Blue [13] . We could stain up to four gels per dish, provided that 250ml of solution was present per gel (160x200x1.5 mm) at each step.
Compared to the early protocols [7, 8] , the new staining protocol uses far fewer steps, thereby minimizing the risk of external contamination of the protein spots, e.g. by keratins. Avoidance of acetic acid also decreases the risk of artefactual acetylation.
In conclusion, the modified protocol described in this technical brief offers an improved detection method using the ruthenium bathophenanthroline complex, being faster and simpler, and offering better contrast than previously published protocols using the same fluorescent agent. Furthermore, an improved preparation of the fluorescent complex that can be made in all biochemical laboratories without any special glassware is also described. This protocol offers the benefits of the metalbased fluorescent complex detection, i.e. sensitivity, robustness, resistance to fading, at a minimal cost.
